Purpose This study was conducted is to identify the prognostic value and staging categories of magnetic resonance imaging (MRI)-detected intracranial extension in nasopharyngeal carcinoma (NPC) with intensity-modulated radiotherapy (IMRT) to determine whether it is necessary to subclassify the T4 classification NPC.
Introduction
Nasopharyngeal carcinoma (NPC) remains endemic in southern China, with a peak annual incidence approaching 30 per 100,000 persons [1] . The primary purpose of the TNM classification system for NPC is to help physicians estimate the prognosis and design a management plan [2, 3] . According to the seventh edition of the American Joint Committee on Cancer (AJCC) staging system, NPC with intracranial extension and/or involvement of cranial nerves, hypopharynx, orbit, or extension to the infratemporal fossa/masticator space are classified as T4 [3] . This classification is primarily based on retrospective studies in which patients received conventional two-dimensional radiotherapy (2DRT) and computed tomography (CT) was the predominant pretreatment workup for tumor evaluation [2, 4] . However, it has now become common practice to use magnetic resonance imaging (MRI) and intensity-modulated radiotherapy (IMRT) for imaging and treatment of NPC [4] . With these recent advances in both diagnostic and radiotherapeutic technologies, the 5-year overall survival (OS) rate for stage III-IV NPC has increased from 60% in the 2DRT era to 79% in the IMRT era [5] .
NPC with intracranial extension may have inadequate radiation field coverage and dose owing to the proximity of the tumor to critical neural structures and the tolerance of critical organs such as the brain stem, temporal lobe, optic nerves, and chiasm. In our previous study [6] , 70 patients with T4 classification NPC treated by IMRT were reported and 16 had developed local failures. The location and extent of locoregional failures were transferred to the pretreatment planning CT for dosimetry analysis. Of the 16 patients who developed local failures, seven were marginal, occurring in a steep dose gradient region at the margin of the high-dose planning target volume (PTV). Among the seven patients with marginal failures, six had intracranial extension on presentation, while one had involvement of cranial nerves and bone structures of the skull base. We concluded that the sites of marginal failure mainly occurred intracranially because of suboptimal dose coverage at the region proximal to the brain stem and temporal lobes. This study was conducted to evaluate the prognostic value of MRI-detected intracranial extension in NPC with IMRT, and to subclassify patients with T4 classification NPC according to the seventh edition of the AJCC staging system.
Materials and Methods

Patient selection
A total of 335 nonmetastatic T4 classification NPC patients treated by radical IMRT between March 2004 and June 2011 were included in this study. The pretreatment workup included a complete history and physical examination, liver and renal biochemical analysis, complete blood cell count, chest X-ray, fiber-optic nasopharyngoscopy, MRI of the head and neck, bone scintigraphy, ultrasonography of the abdominal region, and dental check. In addition, thoracic CT scan was required for N3 classification patients. All patients underwent disease staging using the AJCC 2010 staging system. The frequency of intracranial extension was 40.9% (137 of 335 patients). The T4 classification patients were subclassified into two groups (T4a, without intracranial extension vs. T4b, with intracranial extension) according to the site of invasion. The T4a group included involvement of masticator space alone in 176, involvement of orbit alone in one, involvement of cranial nerves (assessed by neurological evaluation) alone in one, involvement of masticator space and orbit in six, involvement of masticator space and cranial nerves in 13, and involvement of masticator space and hypopharynx in one. The clinical characteristics are listed in Table 1 .
Magnetic resonance imaging
All patients underwent MRI on a 1.5-T system (Signa Excite HD, General Electric, Milwaukee, WI) with an 8 channel head and neck phase array coil. The scan range covered the suprasellar cistern to the inferior margin at the sternal end of the clavicle. Non-enhanced series included axial T1-weighted imaging (fast spin echo [FSE] , repetition time [TR]/echo time [TE]=460 msec/8.3 msec), sagittal T1WI (FSE, TR/TE=500 msec/9.0 msec), axial T2WI (FSE with fatsuppressed, TR/TE=6,200 msec/92.9 msec). A contrastenhanced scan was performed using FSE with fat-suppressed after injection of gadopentetate dimeglumine (Magnevist, Schering, Berlin, Germany) with a dose of 0.2 mL/kg and rate of 2.0 mL/sec (TR/TE=295 msec/2.9 msec for axial plane, TR/TE=460 msec/7.8 msec for sagittal and coronal plane). The thickness/slice gap were 5 mm/1 mm for the axial plane and 5 mm/0.5 mm for the sagittal and coronal plane, respectively. Two radiologists with more than 10 years of experience in MRI of head and neck cancers independently evaluated all scans, and any disagreements were resolved by consensus. In addition, a multidisciplinary team of head neck cancers in our center confirmed the extent of diseases and the treatment of patients with NPC.
The criterion for MRI involvement of the cavernous sinus was a change in contour or enlargement of the sinus. Skull base involvement included foramen ovale (OF) involvement only, foramen lacerum (FL) involvement only, both OF and FL involvement, skull base erosion, and involvement via the sphenoid sinus. Skull base erosion was diagnosed when destruction was present, even in the presence of OF and FL involvement [7] .
Treatment
The techniques of planning and delivery of IMRT were described previously [6, 8] . Additionally, we previously [6, 8] reported the patterns of failure, long-term survival and toxicity of T4 classification NPC after IMRT. Briefly, the dose prescribed was 70-76 Gy, 70 Gy, 60 Gy, and 50-56 Gy delivered within 6.5 weeks to the periphery of the gross tumor volume of the primary (GTVnx), nodal gross tumor volume (GTVnd), planning target volume (PTV1) of clinical target volume (CTV1) (i.e., high-risk regions), and PTV2 of CTV2 (i.e., low-risk regions), respectively, using the simultaneous integrated boost technique. The total dose of the GTVnx, GTVnd and PTV1 was given in 33 fractions. The total dose of the PTV2 was given in 28-30 fractions at 1.82-1.87 Gy per daily fraction. Two separate plans were made to accomplish the protocol.
Overall, 38 patients received neoadjuvant cisplatin-based chemotherapy, 239 received concurrent chemotherapy (cisplatin, 30 mg/m 2 /wk or 80 mg/m 2 /3 wk) and 23 received adjuvant cisplatin-based chemotherapy. Although chemotherapy was required for the treatment of locally advanced NPC, the use of concurrent or adjuvant chemotherapy was not protocolized and it was used at the discretion of the attending physician of individual patients. Eighty-seven patients received cetuximab or nimotuzumab [9] . The patients did not receive concurrent chemotherapy because of advanced age, heart disease, hepatitis, severe diabetes, inadequate renal function, or patient refusal. Whenever possible, salvage treatments including surgery, reirradiation, Table 1 . Clinical characteristics IMRT, intensity-modulated radiotherapy; SBRT, stereotactic body radiotherapy. and chemotherapy were administered to patients with persistent diseases or relapse.
Treatment monitoring
All patients were evaluated weekly during radiotherapy, and were required to be followed up upon completion of radiotherapy, 1 month after completion of radiotherapy, every 3 months during the first 2 years after completion, every 6 months from year 3 to year 5, and annually thereafter. Each follow-up appointment consisted of a complete examination that included flexible fiberoptic endoscopy, abdomen ultrasound, chest X-ray, and basic serum chemistry. MRI of the head and neck was performed after the completion of IMRT and every 6 months thereafter.
Statistical analysis
The SPSS ver. 17.0 (SPSS Inc., Chicago, IL) was used for statistical analysis. The records of all patients were reviewed to assess the site or sites of treatment failures. Failure patterns were classified as local, regional, or distant. Category was determined at the time of the last follow-up. Local failure referred to failure of the primary tumor, while regional failure was defined as recurrence in regional lymph nodes and distant failure was defined as the appearance of tumor at a site representing hematogenous dissemination. The local failure-free survival (LFFS), regional failure-free survival (RFFS), distant failure-free survival (DFFS), and OS were estimated by use of the Kaplan-Meier method. LFFS, RFFS, DFFS, and OS were measured from day 1 of radiotherapy to the date of the event. The log-rank test was used in univariate analysis to assess differences between the T4a group and T4b group. Multivariate analyses with the Cox proportional hazards model were used to test independent significance by using backward elimination of insignificant explanatory variables. Host factors (age and sex) were included as covariates in all tests. Chi-squared, Fisher exact, and Student's t tests were used to compare the differences between the T4a group and T4b group. All statistical analyses were two sided, and a p < 0.05 was considered to be statistically significant.
Results
Outcome of the T4a group
The median follow-up time for the T4a group was 53.2 months (range, 2.8 to 104.1 months). A total of 58 patients (29.3%) developed treatment failures, with seven, two, and 37 developing local failure, regional failure, and distant failure, respectively, five developing locoregional failure, two developing distant failure and local failure, two developing distant failure and regional failure, and three developing distant failure and locoregional failure. In addition, one patient had treatment failure in the unilateral spared parotid gland. The 1-, 3-, and 5-year survival rates were as follows: OS, 95.9%, 83.1%, and 71.5%; LFFS, 98.4%, 92.0%, and 90.3%; RFFS, 98.4%, 93.2%, and 93.2%; DFFS, 88.1%, 80.3%, and 75.9%. 
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Outcome of the T4b group
The median follow-up time for the T4b group was 56.7 months (range, 10.8 to 114.9 months). A total of 60 patients (43.8%) developed treatment failure, among which 17, one, and 26 developed local failure, regional failure, and distant failure, respectively, three developed locoregional failure, six developed distant failure and local failure, five developed distant failure and regional failure, and two developed distant failure and locoregional failure. In addition, two of these patients experienced treatment failure in the unilateral spared parotid gland. The 1-, 3-, and 5-year survival rates were as follows: OS, 91.2%, 69.7%, and 51.6%; LFFS, 95.4%, 79.9%, and 74.8%; RFFS, 96.9%, 90.7%, and 90.7%; DFFS, 86.6%, 71.6%, and 71.6%.
All T4b patients were subclassified according to the extent of intracranial involvement as follows: limited involvement was defined as a primary nasopharyngeal tumor involving the unilateral cavernous sinus or parasellar region only; extensive involvement was defined as extension of the tumor to the bilateral cavernous sinus or the parasellar region to the prepontine region or the posterior cranial fossa [10] . Of these patients, 90 patients were classified as having limited involvement (Fig. 1A) and 47 as having extensive involvement (Fig. 1B) . Univariate analysis showed no significant differences in terms of OS (5- 
Outcome of the whole group
The median follow-up time for the whole group was 53.6 months (range, 2.8 to 114.9 months). For all patients, the 1-, 3-, and 5-year LFFS rates were 97.2%, 87.2%, and 84.1%; RFFS rates were 97.8%, 92.2%, and 92.2%; DFFS rates were 87.4%, 76.8%, and 74.1%; and OS rates were 93.9%, 77.5%, and 63.0%, respectively. The 5-year LFFS rate and the 5-year OS rate in the T4a group were higher than for patients in the T4b group (p=0.001 and p=0.001). No significant differences was observed in RFFS and DFFS between the T4a group and the T4b group (p=0.405 and p=0.155) (Fig. 2) .
Multivariate analysis was performed to adjust for various prognostic factors, and the following parameters were included in the Cox proportional hazards model: age, sex, N classification (N2-3 vs. N0-1), metastasis to retropharyngeal lymph nodes, boost irradiation, volume of GTVnx (> 50 mL vs.  50 mL), concurrent chemotherapy, and subclassification of T4 patients (T4a vs. T4b). Subclassification of T4 was identified as an independent prognostic factor for both OS (hazard ratio [HR], 0.572; 95% confidence interval [CI], 0.389 to 0.839; p=0.004) and LFFS (HR, 0.498; 95% CI, 0.248 to 0.997; p=0.049) with use of multivariate analysis. N classification was found to be an independent prognostic factor for both RFFS and DFFS. The outcomes of multivariate analysis are shown in Table 2 .
Discussion
Our study indicated that subclassification of T4 patients (T4a vs. T4b) was an independent prognostic factor of OS and LFFS for patients with T4 classification NPC treated by radical IMRT. In 2001, four criteria were defined for a good staging classification system: (1) survival rates among the groups (hazard discrimination); (2) given group including the subgroups defined by T, N, and M within a grouping system having similar survival rates (hazard consistency); (3) balanced distribution of patients among groups; and (4) high prediction of cure (outcome prediction) [11] . Therefore, we recommend that the subclassification of T4 patients (T4a vs. T4b) be used for NPC in the TNM classification system.
Compared with 2DRT, IMRT could achieve very good local control for NPC [12] [13] [14] . Sun et al. [12] reported that LFFS were significantly different among groups of patients with different T classifications except groups of patients with T1 and T2 classification, whereas two other studies indicated that T classification was not an independent prognostic factor for local control [13, 14] . In a study [15] of head and neck squamous cell carcinoma treated by radical radiotherapy, patients receiving higher doses ( 66 Gy) had better outcomes than those that received lower doses. For NPC treated by IMRT, administering radiation at above 66.5 Gy to the target yielded significantly less local failure [14] . Owing to the proximity of the tumor to critical neural structures and the [10] reported that limited intracranial involvement was associated with better OS and locoregional recurrence-free survival in T4 classification NPC. However, in our study, univariate analysis revealed no significant differences in terms of OS, LFFS, RFFS, and DFFS between patients with limited involvement and extensive involvement, which was similar to the results of NPC treated by IMRT using MRI for pretreatment workup [2] . This was likely because all of the patients in the study conducted by Hu et al. [10] received 2DRT, some patients underwent CT for pretreatment workup, and only 31 patients (39.1%) received concurrent chemoradiotherapy.
To the best of our knowledge, NPC with intracranial extension always invades through the skull base and neural foramina. Intracranial extension is frequently associated with MRI-detected intracranial nerve involvement, and MRIdetected intracranial nerve involvement is an independent prognostic factor of both OS and metastasis-free survival for NPC [16] . Moreover, invasion into the marrow of the skull base bones is associated with distant metastasis in patients with NPC [17] . Hung et al. [18] reported that prepontine cistern invasion was an independent prognostic factor of distant metastasis-free survival for T4 classification NPC treated by IMRT. Chen et al. [4] reported that involvement of the masticator space alone was positively associated with OS and distant metastasis-free survival for T4 classification NPC. More patients with involvement of cranial nerves were included in the T4b group (p < 0.001), while 176 patients (88.9%) with involvement of the masticator space alone were included in the T4a group. Although no significant difference in DFFS was observed between the T4a group and the T4b group, the 5-year DFFS rate in the T4a group was higher than that for patients in the T4b group (75.9% vs. 71.6%).
Strengthening treatment may be immediately administered to NPC with intracranial extension. Although concurrent chemoradiotherapy is the standard treatment for locoregionally advanced NPC, the role of adjuvant chemotherapy is still debated [1, [19] [20] [21] [22] . Niu et al. [23] evaluated 32 patients with intracranial invasion NPC treated with neoadjuvant chemotherapy and replanning IMRT with concurrent chemotherapy in which the doses to the brain stem, optic nerve, optic chiasm, and temporal lobe were reduced and the 2-year local control rates and DFFS were 88.2% and 89.6%, respectively. Neoadjuvant chemotherapy and new chemotherapy regimens should be evaluated for NPC with intracranial extension in clinical trials.
It should be noted that the present study had several limitations. Specifically, different systemic treatments (i.e., neoadjuvant chemotherapy vs. concurrent chemotherapy vs. adjuvant chemotherapy) were used. Concurrent chemoradiotherapy is currently considered the standard of care for non-metastatic T4 classification NPC [1, [19] [20] [21] [22] . In the present study, 239 patients (71.3%) received concurrent chemotherapy, and only patients who received radical IMRT were included, which could have affected the outcomes. Furthermore, the use of 6/5.5-mm-thick sections for MRI in the present study could have resulted in the omission of some information. Therefore, it would be desirable to use thinner sections (i.e., 3-mm-thick) for MRI in the future.
Conclusion
For patients with T4 classification NPC, those with MRIdetected intracranial extension were more likely to experience local failure and death after IMRT than patients without intracranial extension. According to the site of invasion, subclassification of T4 patients as T4a or T4b has prognostic value in NPC.
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